The spin structure function of the neutron gr has been determined over the range 0.03
For the past twenty years, results from deep inelastic scattering of polarized electrons and muons by polarized protons have been used to study the internal spin structure of the nucleon [l-3] . Th e experiments found large asymmetries over a large kinematic range as predicted by the Quark Parton Model (QPM). However, when interpreted by theoretical sum rules as described below, the data indicate that only a small fraction of the proton spin is carried by the quarks and that the strange sea polarization is large and negative. A complete understanding of nucleon spin structure requires information from neutron as well as more precise proton measurements. In this Letter we report new measurements of the neutron spin structure function 9;" using longitudinally polarized electron scattering from a polarized 3He target in End Station A at the Stanford Linear Accelerator Center ;sLI)c).
-
The spin structure functions Gr and G2 can be determined experimentally by measuring the difference in cross sections of polarized electrons on polarized nucleons between states where the spins are parallel and anti-parallel [4, 5] ,
cosW1(Q2, v> -Q2WQ2, 4.
Here i'U is the mass of the nucleon, u is the electron energy loss, q2 = -Q2 is the square of the four-momentum of the virtual photon, cx is the fine structure constant, E' is the scattered electron energy, E is the incident electron energy, 0 is _ the electron scattering angle, and d2att (d2&t) is the differential scattering cross section for longitudinal target spins parallel (anti-parallel) to the incident electron spins. A corresponding relationship exists for scattering of longitudinally polarized electrons off a transversely polarized target [5] . In the scaling limit (V and Q2 large), these structure functions are predicted to depend only on x = Q2/2Mu
yielding M2vG1(v, Q2) + gr(x) and Mv2G2(v, Q2) -+ 92(x).
Bjorken [6] d eveloped a sum rule relating the integrals over the proton and neutron spin structure functions to the weak coupling constants gA and gv found in nucleon p decay:
where a, (Q2) is the QCD coupling constant [7, 8] and gA/gV = 1.257 f 0.003
The sum rule, first derived from current algebra, is a rigorous prediction of &CD. . ) for the proton integral [3] , which is smaller than, the value 0.175f0.018 [ll] f rom Eq. (3). In the QPM this result can be interpreted to mean that the total quark contribution to the proton spin is small (Au + Ad + As = 0.13 f 0.19), whereas the strange sea contribution is large and negative (As = -0.16 f 0.08).
The experimental quantities used to determine the spin structure functions are the two asymmetries:
Here d&+ (dot') is the scattering cross section for beam spin anti-parallel GeV,.covering a range in x from 0.03 to 0.6 with Q2 greater than 1 (GeV/c)2. The total event sample was -4 x lo8 electrons collected in two single-arm magnetic spectrometers [15] at horizontal scattering angles of 4.5" and 7" (Fig. 2) . The Electrons were identified by a coincidence of the two cerenkov counters and a large pulse height in the shower counter. Electron energy and position in the shower counter determined the x and Q2 of the event. Hodoscope tracking was used for systematic studies and for the absolute energy calibration of the lead glass. The electron background from charge-symmetric processes was determined to be N 5% of the electron sample at low x by measuring the positron rate in runs with the spectrometer magnet polarity reversed. The background from misidentified pions was studied using a comparison of momentum from tracking to shower energy deposition and contributed about 2% to the electron sample at low x. Contaminations in the high x bins were negligible. Glass cell runs with variable pressures of 3He were used to study the dilution factor by separating contributions from scattering off 3He and scattering off glass. The largest systematic uncertainty in this-experiment comes from the determination of the dilution factor to f 15% of itelue.
False asymmetries were found to be consistent with zero by comparing data with target spins in opposite directions.
Internal spin-dependent radiative corrections were calculated using the -complete Kukhto and Shumeiko formulae [17] (exact integration, no peaking approximation). External radiative corrections followed MO and Tsai [16] , but were small because the target was thin (-0.3 % radiation length). The total corrections amounted to a relative change in the asymmetry ranging from 30 f 15% at low x to 5 f 2% at high x. The uncertainty from the radiative corrections takes into account variations due to the model-dependence on the corrections.
A polarized 3He nucleus is regarded as a good model of a polarized neutron for deep inelastic scattering [18, 19] . The 3He wavefunction is primarily in an S-state in which the two protons pair with opposite spins due to the Pauli exclusion principle, leaving the neutron spin as the dominant contribution to spin-dependent scattering. A small correction from the polarization of the two protons in 3He ( N -2.7% per proton) and a correction for the polarization of the neutron in 3He (-87010) were applied to extract the neutron asymmetry from the measured 3He asymmetry [20, 21] . For the proton correction, the asymmetry results from EMC were taken [3] . No other corrections were made for the fact that the polarized neutron is embedded in the 3He nucleus.
The physics asymmetry A? versus x is presented in Fig. 3 . Since no significant Q2 dependence of the measurements was observed, the data at different energies for fixed x bins are averaged over Q2. A clear trend of negative asymmetries is evident. Measurements of the transverse neutron asymmetry AT were -found t to be consistent with zero with statistical uncertainties of typically f 0.25.?The lower part of Fig. 3 shows the neutron spin structure function extracted . .-. -_ -from the measured asymmetries using the results from a global fit to SLAC structure function data [22] . Table 1 gives a summary of the results presented -in Fig. 3 .
The integral of the spin structure function over the measured range of x is J:t3 gy(z)dz = -0.019 f 0.007 (stat.) f 0.006 (syst.) at an average Q2 of 2 (GeV/c)2. Propagating the unpolarized structure function to Q2 of 2 (GeV/c)2 for all x bins gives the same result. Extrapolation of the spin structure function outside the measured x range requires models of the neutron spin structure.
Assuming perturbative &CD, the asymmetry A;I approaches 1 as x approaches 1. Using this constraint and a Regge parametrization (A? N x1.2) to fit the low x data [23] , th e neutron integral is extracted over the full x range, sl gr(x)dz = -0.022 f 0.011. The extrapolations to low and high x amount to additions to the Higher-order QCD corrections [24] or higher twist effects [25] quarks contribute approximately one-half of the nucleon spin, and the strange sea contribution is small. Orbital angular momentum [26] and the spin of the gluons [27] may account for the remaining nucleon spin.
A new measurement on the deuteron by SMC combined with the EMC proton result leads to a neutron integral of -0.08 f 0.04 (stat.) f 0.04 (syst.) [28] .
Within the six times larger error, this result is consistent with ours. 
